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Abstract 6 
Bushmeat hunting, trade and consumption is a growing biodiversity and food security 7 
concern. Much of the collated research is currently limited to forested regions however, 8 
despite indications of the increasing threat in savanna regions. Savanna regions are biodiverse 9 
and often have high-value wildlife tourism industries, but also have rapidly-growing rural 10 
populations which can be highly dependent on natural resource use. In this systematic 11 
quantitative literature review we seek to understand the state of knowledge about bushmeat in 12 
savanna regions in Africa. We aim to identify gaps in the scientific literature, both spatially 13 
and topically, as well as understand what methodologies are used, what common 14 
recommendations are made and what interventions have been quantified. We identified 144 15 
relevant studies from the literature. Although studies have increased over time and diversified 16 
thematically, there were strong biases in research. Most studies have been conducted in 17 
Tanzania, with gaps in research in southern Africa and the Sahelian region.  Additionally, 18 
only 25% of papers investigated interventions used to reduce bushmeat hunting, with 19 
traditional enforcement being the most common intervention studied (53% of intervention 20 
studies, 13% of all papers). Other frequently recommended interventions such as alternative 21 
incomes received little attention (14% of intervention studies, 3.5% of papers). Further, 22 
although many studies cite common drivers of bushmeat hunting such as income or livestock, 23 
the evidence for these drivers was lacking and contradictory. We reveal that although 24 
bushmeat in savanna regions is gaining recognition, many gaps in knowledge remain. This is 25 
the first study to systematically quantify the available research about bushmeat in African 26 
savannas and aims to inform future research. 27 
28 
Introduction 29 
This is the peer reviewed version of the following article: Van Velden, J., Wilson, K. and Biggs 
D. 2018. The evidence for the bushmeat crisis in African savannas: A systematic quantitative 
literature review. Biological Conservation. 221: 345-356. https://doi.org/10.1016/
j.biocon.2018.03.022. This manuscript version is made available under the CC-BY-NC-ND 4.0 
license.
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Bushmeat hunting is recognised as a major threat to biodiversity in much of the forested 30 
regions of the world, especially in West and Central Africa (Fa and Brown 2009). The term 31 
bushmeat is defined here as any non-domesticated terrestrial mammal, bird, reptile or 32 
amphibian harvested for food, and can include all steps in the supply chain, including the 33 
acquisition, trade and consumption of wild meat (Nasi et al. 2008).  Widespread hunting has 34 
serious ecological and conservation implications, however the interlinkages between 35 
bushmeat and food security in areas with extensive poverty makes this issue particularly 36 
challenging to address (Nasi et al. 2011). Bushmeat is both a source of protein and of income 37 
to many people (Brown and Williams 2003), which means animal population collapses due to 38 
overhunting are a crisis in terms of both conservation and human development (Fa et al. 39 
2003). 40 
 41 
Studies and research into bushmeat hunting has traditionally focussed on tropical forests (Fa 42 
et al. 2002), however there is growing recognition that this biodiversity crisis may extend to 43 
savanna regions as well (Lindsey et al. 2013a). Formerly viewed as primarily a subsistence 44 
activity in rural savanna areas, population growth, systemic poverty and a lack of income-45 
generating activities has drastically increased the reliance on natural resources (Barnett 1997; 46 
Shackleton et al. 2007). Conversely, growing wealth in urban areas has increased the demand 47 
for bushmeat (Brashares et al. 2011) which is often priced higher than domestic meat (van 48 
Vliet and Mbazza 2011). Interviews with experts from southern and east African countries 49 
indicated that bushmeat is ranked as the top threat to biodiversity in many savanna areas, 50 
ahead of threats such as deforestation and habitat fragmentation (Lindsey et al. 2015; Lindsey 51 
et al. 2017). Numerous examples exist in savannas of local population collapses due to 52 
overhunting (Hayward 2009; Hofer et al. 2000; Jambiya et al. 2007; Lindsey and Bento 53 
2012), and the extensive reliance of local communities on bushmeat as a source of protein 54 
and income (Boafo et al. 2014; Fischer et al. 2014; Haule et al. 2002).  55 
 56 
The hunting of bushmeat in savanna regions is distinct from forest regions for several 57 
reasons. Savannas are more productive than forests in terms of animal biomass (Robinson 58 
and Bennett 2004) and can support profitable formal wildlife-based land uses such as game 59 
ranching more easily than forests (Wilkie and Carpenter 1999b). Many countries in savanna 60 
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regions rely heavily on wildlife tourism (Okello 2014) and there is political recognition over 61 
the value of wildlife. Livestock is also able to be supported at higher densities, due to both 62 
habitat and disease factors (Robinson et al. 2014). Additionally, controlling hunting in 63 
savanna regions is both cheaper and more effective than in forests (Jachmann 2008a). These 64 
factors mean that savanna regions may have more leverage points to effectively reduce 65 
bushmeat hunting and consumption than forest regions. 66 
 67 
Interventions to reduce bushmeat hunting other than traditional enforcement are varied but 68 
often revolve around the provision of alternative proteins or income generation (Wicander 69 
and Coad 2014). Many of these projects are however limited by small scope, short time 70 
frames and underfunding. Community-based Natural Resource Management  (CBNRM) has 71 
been encouraged in order to meet both conservation and community development goals, but 72 
monitoring of success is often limited (Brooks et al. 2013). Other problems with this 73 
approach include elite capture, failure to secure long-term funding and failure to build local 74 
capacity and institutions (Balint 2006; Brooks et al. 2013; Webber et al. 2007). Although 75 
many countries in Africa have embraced the use of community-based conservation (Roe et al. 76 
2009), traditional enforcement techniques such as ranger patrols remain a top priority for 77 
many protected areas and have been found to be effective at reducing bushmeat poaching 78 
(Jachmann 2008b). The use of such enforcement to reduce bushmeat can be controversial 79 
however, given the increasingly militarised nature of such techniques (Duffy 2014). Also, in 80 
protected areas a priority to combat high-value hunting for elephants and rhinos may 81 
overshadow conservation involving non-charismatic animals (Challender and MacMillan 82 
2014; Sitas et al. 2009), such as those involved in bushmeat poaching.  83 
The drivers of bushmeat hunting and consumption vary substantially in the published 84 
literature. On large scales, increasing demand due to growing human populations, poverty 85 
and food insecurity and a lack of clear community ownership of wildlife have been identified 86 
as key drivers (Lindsey et al. 2013a). However, more specific drivers are often contradictory 87 
in nature and depend strongly on the context of study. The relationship between bushmeat 88 
and income or wealth may not be straightforward for example. Although poverty is often 89 
considered a key driver of hunting (Knapp et al. 2017), wealthier households sometimes hunt 90 
more than poorer households, but may be wealthier due to hunting rather than hunting 91 
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because they are wealthy (Nielsen et al. 2014; Travers et al. 2017). Complicated relationships 92 
between basic drivers and bushmeat hunting or consumption are a key challenge to address 93 
when planning interventions. 94 
The knowledge regarding bushmeat hunting in forest biomes have been reviewed numerous 95 
times (Abernethy et al. 2013; Fa et al. 2002; Fa and Brown 2009; Petrozzi et al. 2016; van 96 
Vliet and Mbazza 2011; Wilkie and Carpenter 1999a) and efforts to create databases of 97 
research in this biome are already underway (OFFTAKE: global in scope, majority of data 98 
from central and West Africa; SYVBAC: Central African bushmeat monitoring system).  99 
This is not the case for bushmeat hunting in savannas, where research is largely uncollated. 100 
Reviews on the topic are narrative in nature and limited to Barnett (1997), Lindsey et al. 101 
(2013a) and Lindsey et al. (2015 FAO report), all of which stress the urgent need for more 102 
research to be conducted in the savanna biome. Understanding the gaps in knowledge and 103 
visualising some of the known trends on this topic could facilitate more effective research in 104 
the future, and establishing an evidence base is a key goal to enable effective conservation 105 
(Sutherland et al. 2004). We therefore conducted a quantitative systematic literature review in 106 
order to answer the following question: what is the state of knowledge about bushmeat 107 
hunting in savanna regions of Africa and where are the gaps in knowledge, spatially and 108 
topically? We also sought to answer the following questions: 109 
• Was there agreement in relation to the drivers thought to be responsible for hunting and 110 
consumption of bushmeat in the savanna system, and how did these compare to forests?  111 
• What were the common methodologies used to study bushmeat in savannas, and how did 112 
these compare to methods used in forest regions?  113 
• What evidence of effectiveness of interventions was currently available?  114 
• What were the prevailing policy recommendations from the literature?  115 
We discuss the current gaps in research and highlight specific areas which require more 116 
research attention in future. We also discuss some of the key limitations to bushmeat research 117 
in savanna regions and how these limitations might be addressed. 118 
 119 
Methods 120 
Search strategy 121 
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Quantitative systematic reviews allow a structured and comprehensive collation of 122 
information and research that is currently available (Pullin and Stewart 2006). This 123 
methodology included four stages: “planning”, which included the formulation of the topic, 124 
review protocol and keywords, “searching” which included selection of relevant data and 125 
assessment of publications, “data extraction” where the studies were entered into a structured 126 
database and “data synthesis”, which included both qualitative and quantitative analysis 127 
(Pickering and Byrne 2014; Pullin and Stewart 2006).  128 
Searches were performed in ISI Web of Science and SCOPUS from March 2017 to July 129 
2017. The search terms used were “bushmeat”, “illegal hunting”, poach*, “wild meat”, 130 
“wildlife harvest*” and “non-timber forest products”, which were separated by the OR 131 
operator. “Africa” was included with these terms in this search, using the AND operator. A 132 
second search was conducted at the same time, but the name of a country e.g. “Zimbabwe” 133 
was used instead of “Africa”. Thirty-five different country names were searched, representing 134 
countries which included savanna habitat (List available in Appendix 2). To find countries 135 
with areas of savanna habitat, the biomes of Olson et al. (2001) were used, specifically the 136 
biome “tropical and subtropical grasslands, savannas and shrublands” and including Xeric 137 
savannas.  The GIS layer associated with this publication (available at 138 
https://www.worldwildlife.org/publications/terrestrial-ecoregions-of-the-world) allowed the 139 
identification of all countries which included this biome within their borders.  Original 140 
articles, reviews and proceedings papers were included in the search. “Grey literature” such 141 
as reports and policy statements were excluded. No time frame limit was used. If an article 142 
was only available in a non-English language the article was translated by a native speaker of 143 
that language. The searches included titles, abstracts and keywords. We followed the 144 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines 145 
for reporting of search results (Moher et al. 2009). These guidelines encourage reporting of a 146 
minimum set of items in systematic reviews. An examination of the reference lists in key 147 
bushmeat review papers (n=9) was also completed to ensure that all relevant studies had been 148 
identified. 149 
 150 
Exclusion criteria 151 
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All papers found in the online database searches were then screened for relevance, using 152 
abstracts and titles. A second round of screening involved reading the paper in full, following 153 
which papers were either excluded or included in the final list of publications reviewed (full 154 
list of included publications available in Appendix 1).  155 
The exclusion criteria developed aimed to eliminate irrelevant studies from the search results. 156 
Some studies were marked “not relevant” initially if their content was completely irrelevant.  157 
Studies not based in Africa or its associated islands were excluded. Studies that took place in 158 
forest regions were excluded, based on what biome the author of the paper defined their study 159 
area as. If there was doubt about whether the paper included some savanna sites, the paper 160 
was retained. Papers related to the use and trade of plants, insects, crustaceans, molluscs and 161 
fish were also excluded. This follows the definition by the Convention on Biological 162 
Diversity (Nasi et al. 2008). Another criterion for exclusion was “disease-only” studies: as 163 
bushmeat is a common cause of transmission of zoonoses such as Ebola (Alexander 2015), 164 
there are many papers on this issue but are more related to human health issues than 165 
conservation. If there were indications that the publication explored conservation aspects in 166 
conjunction with disease it was included e.g. Ordaz-Németh et al. (2017). Genetic studies 167 
were also excluded from analysis, as a common type of study is the development of genetic 168 
methods to identify bushmeat, which is of limited use in our current context. Papers on the 169 
pet trade and the medicinal trade were excluded. Although both trades are often interlinked 170 
with the bushmeat trade, we treat them as separate issues here. Studies that were purely 171 
ecological, behavioural or demographic in nature, and only mentioned bushmeat or hunting 172 
as a potential threat but without any quantifiable evidence, were excluded.  Review papers 173 
which did not perform a meta-analysis of data were excluded. Studies relating to trophy or 174 
sport hunting were also excluded, based on the regulated, legal nature of one, versus the 175 
unregulated and illicit nature of bushmeat poaching. However, because trophy hunting and 176 
poaching can be linked in terms of their impacts on species and local communities we  177 
included papers which involved some consideration of these linkages to illicit poaching e.g. 178 
Bunnefeld et al. (2013) and Mbaiwa (2018). 179 
The final exclusion was based on high value species: whether the paper dealt with illegal 180 
rhino or elephant hunting. Rhinos are almost never killed for their meat, while elephants are 181 
occasionally illegally hunted for their meat in addition to ivory. We therefore excluded papers 182 
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about illegal rhino hunting but were conservative with papers relating to elephants. If, upon 183 
full reading, no mention was made about the use of the meat the paper was excluded. 184 
To check the interpretation of our exclusion criteria, a random subset (5%) of all papers 185 
generated from the searches were sent to two external reviewers. Each reviewer was therefore 186 
allocated a different set of 44 papers and instructed to exclude or include the papers based on 187 
the criteria above using the title and abstracts, and if necessary reading the full text. The 188 
percentage agreement between the author and reviewer 1 was 93.3%. and between the author 189 
and reviewer 2 was 86.4%. An interrater agreement statistic was calculated using Gwet’s 190 
AC1 method (Gwet 2002), which is preferable to the commonly-used Cohen’s Kappa in 191 
cases where there is a skewed distribution in categories (Di Eugenio and Glass 2004; 192 
Feinstein and Cicchetti 1990). Our categories were skewed due to the high number of 193 
exclusions which were agreed upon by the author and the external reviewer relative to the 194 
number of disagreements. The agreement statistic (AC1) for the author and reviewer 1 was 195 
0.92±0.05 and 0.84±0.07 for the author and reviewer 2, which both indicate “almost perfect” 196 
agreement between raters if using the scale devised for Cohen’s Kappa. We therefore feel 197 
confident that our criteria used to exclude studies are both repeatable and rigorous.  198 
 199 
Database setup 200 
The database included a study topic section, a methodology section, a results section, an 201 
intervention and recommendations section and a study site information section. The study 202 
topic section categorised the paper’s subject matter.  See Table 1 for all study topics and their 203 
definitions. Papers were found to have a predominant or main topic but often include other 204 
topics in a peripheral way and these were then noted as sub-topics. These topics were then 205 
grouped into overall research themes.  The methods of each paper were noted in detail.  206 
Further, if the paper explored drivers of bushmeat hunting, trade or consumption 207 
quantitatively i.e. analysed the relationship between a response variable and an explanatory 208 
variable, records were made of which explanatory variables were found to be significant, and 209 
the sign of those significant variables.  210 
 211 
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The results of any intervention studies were recorded, that is, the type of intervention and any 212 
evidence of success or failure. The recommendations of the papers were then recorded. Study 213 
site variables were recorded and included the scale of the study, the resource rights status of 214 
communities, tenure, length of study and habitat of study. The scale of the study was defined 215 
as being either local and a single site, local and multiple sites, regional within a country, 216 
national, international, biome-specific or continental. The location of the study was noted: the 217 
country, protected area or village name and GPS co-ordinates if available. The type of land 218 
tenure in which the study took place was defined as either communities next to protected 219 
areas, within protected areas, private, communal, urban, rural communities not next to 220 
protected areas, not specified or else unknown to researchers. Finally, whether the study took 221 
place in purely savanna habitat or in savanna-forest matrix was noted. 222 
 223 
Analyses 224 
To understand what the predominant topics of study, themes, countries of study, 225 
methodologies and recommendations were, we compared counts of categories and groupings. 226 
The data were mostly qualitative in nature but where possible chi-squared tests were 227 
performed to explore differences between counts of groups. 228 
 We also attempted to investigate the causes of the geographic patterns in study counts by 229 
relating the counts of the studies for each country to socio-economic and habitat variables, 230 
including official language, infant mortality, Gross Domestic Product, region, area of savanna 231 
habitat and whether there has been a large-scale conflict within that country since 2000. 232 
Language was the lingua franca for each country: either English, French, Arabic, Portuguese, 233 
Spanish, Amharic or combination French/English. Infant mortality in 2016 per 1000 live 234 
births, and GDP in 2016 in millions of US$ both utilised data from the World Bank 2016. 235 
The regions were based on African Union groupings: either East, West, Central, South or 236 
North Africa. The area of savanna habitat (km2) was found from Olson et al. (2001) 237 
ecoregions of the world dataset. The QGIS field calculator was used to find the area of each 238 
ecoregion within each country, and then all relevant ecoregions were summed together per 239 
country. Relevant ecoregions included “tropical and subtropical grasslands, savannas and 240 
shrublands” and “xeric savannas”. Finally, we recorded whether there had been a large-scale 241 
conflict in each country since 2000, by researching each country’s political history.  We then 242 
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analysed the counts per country using a negative binomial Generalized Linear Model in the R 243 
package MASS.AIC was used to choose the best-fitting model. 244 
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Table 1: Definitions of study topics used to categorise studies, including an example study. Study topics are then grouped into overall 245 
research themes246 
Study topic  Definition (studies which include/explore…) Research theme 
Spatial spatial aspects of hunting or consumption, such as mapping of snare localities in a protected area e.g. spatially explicit models.  Spatial 
Single taxa or species Aspects of bushmeat relating to a group of species such as primates, or else one specific species in particular Biological 
New methodology test primary aim was to field test a new method, these range from testing anti-poaching software to testing social science methods such as Fuzzy Cognitive Mapping.  New methods 
Drivers 
Animal Traits 
the relationship between a trait of an animal and, for example, its level of consumption. For example, how animal body size, geographic range or longevity may 
affect hunter preferences for species 
Biological 
Social the relationship between a social factor of a respondent such as household size and, for example, level of hunting Social or human 
Physical the relationship between a geographical or habitat factor e.g. distance to protected area and level of hunting Spatial 
Ecological & behavioural impacts how hunting impacts ecological processes or the behaviour of animals. For example, how hunting may affect flight behaviour and group structures of animals.  Biological 
Community livelihoods how bushmeat is involved with community livelihoods such as food security or income generation. This can involve estimating levels of bushmeat consumption.  Social or human 
Species richness/animal demographics how hunting alters the demography, population sizes or species composition of an area Biological 
Protected area threats which threats affect a protected area and to what extent. The threat of poaching is estimated relative to other threats such as deforestation. Traditional enforcement 
Economic economic aspects to understand the dynamics of bushmeat e.g. cost-benefit studies or bioeconomic models Economic 
Site profile 
the general dynamics of hunting at a specific site. These studies investigate what is hunted, who is hunting and what hunting methods are used, to give a general 
profile of hunting and/or consumption in an area  
Site profile 
Interventions 
Enforcement how traditional anti-poaching techniques affect hunting. Common enforcement techniques studied are the effectiveness of ranger patrols Traditional enforcement 
Snare/gun reduction How efforts to reduce the availability of snaring materials or guns affect hunting Traditional enforcement 
Direct payments How the effect of giving communities money for various reasons affects hunting e.g. as part of benefit sharing schemes.  Economic 
Alternative proteins How the effect of projects that improve access to legal forms of proteins (e.g. game cropping) affect hunting Community conservation 
Alternative incomes How the effect of projects which generate income unrelated to hunting for communities (e.g. beekeeping projects) affect hunting Economic 
CBNRM 
how illegal hunting is related to projects which involve communities in collaborative management and ownership over wildlife resources. This might be theoretical 
or else comparing CBNRM areas to non-CBNRM areas. Can also be known as formal wildlife-based land uses 
Community Conservation 
Microfinance how projects which give communities access to microcredit schemes affect illegal hunting e.g. preferences for poaching vs. access to microcredit. Economic 
Development projects 
how projects which seek to improve infrastructure and community development influence hunting (e.g. improved access to markets via road infrastructure 
development). An example is the impact of Zambia’s COMACO project.  
Social or human 
Buffers/zoning 
How projects that create buffers around protected areas or zone land for different resources uses affect hunting e.g. the success of partially protected areas such as 
game-management areas for reducing poaching.  
Community Conservation 
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Results 247 
 248 
Out of 1861 unique papers resulting from the various searches, 144 met all criteria and were 249 
included into the database and analysis (Figure 1). Twelve of these included papers were 250 
found in reference list searching. Two relevant papers were translated from French by a 251 
native speaker. The number of studies that met the criteria increased steadily over time, 252 
peaking in 2015 with 15 studies (Figure 2). The earliest study to meet the criteria was in 253 
1980; 92% of the included studies have been conducted between 2000 and 2017. The trend in 254 
the number of included studies closely mirrors the trend over time for the bushmeat topic 255 
more generally (Figure 2, dashed line), before applying any exclusion criteria except “not 256 
found” and “not relevant”.  257 
 258 
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Figure 1: PRISMA statement identifying the number of records excluded at each stage 260 
of the literature review process 261 
 262 
 263 
Figure 2: Studies published between 1980 and 2017 concerning bushmeat in African 264 
savannas that were included in this study (dots), with trend line (solid black) and 95% 265 
confidence bands. Counts of all studies arising from the searches, before exclusions were 266 
made, are represented by the red dashed line (secondary axis).  Trend lines use loess fit 267 
(local polynomial regression fit). 268 
  269 
Themes and topics of study 270 
Research on bushmeat in African savannas have diversified thematically over time (Figure 3) 271 
as the number of studies increased. The approximately equal abundance of biological and 272 
social themes in later years indicates the multi-disciplinary nature of this topic. The number 273 
of studies using spatial or physical components has increased over the last ten years while 274 
new methods tests have only started since the 2000s as expected for an expanding field. The 275 
number of studies incorporating economic and site profiles has remained steady since the 276 
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‘90s. The counts of themes between years 2000-2009 and 2010-2017 were not significantly 277 
different (Chi-squared test with N-1 correction, χ2= 9.50, p=0.302, df=8). Counts in the 278 
1980’s and 1990’s were too low for statistical comparison. The definitions of the themes used 279 
are described in Table 1. 280 
 281 
Figure 3: the proportion of included studies which belong to a particular research theme 282 
over ten-year periods (excepting 2010-2017, 7 years). See table one for description of 283 
themes. 284 
The study themes were further split up into specific study topics (Figure 4). The most 285 
common study topics were studies investigating the community livelihood component of 286 
bushmeat (12% of topics identified, n=41/341 instances), followed by studies investigating 287 
demographic impacts to animal populations (11.4%, n=39). Studies with a spatial or physical 288 
component (e.g. bushmeat hunting in relation to distance to park boundaries) were common 289 
(10.3%, n=35), but this topic was mainly incorporated as a sub-topic (count as main topic = 3, 290 
count as subtopic=32). The most prevalent topic of study dealing with a specific intervention 291 
were studies investigating enforcement techniques (5.6% of topics, n=19), followed by those 292 
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investigating alternative proteins, generally in the form of supplying meat via game cropping 293 
schemes (3.8%, n=13).  Other intervention topics were rarely studied. 294 
 295 
 296 
Figure 4: Count of study topics for papers included in this review, indicating whether 297 
the topic was a study’s main topic or a sub-topic 298 
Each study could incorporate both a main topic and several sub-topics. The four most 299 
common main topics were site profiles (n=23 as a main topic), animal demographic impacts 300 
(n=21), community livelihoods (n=19) and single species or threatened taxa (n=11). The 301 
relationship between these main topics and the common sub-topics associated with them are 302 
represented in Figure 5. These four combinations of main topics and subtopics can be thought 303 
of as the main “types” of papers published about bushmeat. Site profiles seek to understand 304 
bushmeat from a community perspective via community livelihoods and social drivers, but 305 
also incorporate animal demographics, enforcement and economic factors to provide a 306 
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general picture of hunting at a site. Animal demographic studies are almost exclusively 307 
biological in nature, often focussing on a single species or threatened taxa, and investigate 308 
how bushmeat hunting affects the animal assemblage of an area and how it varies with 309 
geographic factors and enforcement. Community livelihood type studies focus on how social 310 
drivers affect bushmeat hunting. This type of study often explores the effects of interventions 311 
as well as tests new methods. The final common type of study involves single species or a 312 
threatened taxon. These studies are often specific to their focal species and therefore do not 313 
show strong linkages with other themes, except for demographic impacts of hunting on 314 
animal populations. 315 
 316 
 317 
Figure 5: Radar charts of the four most common main topics, indicating which 318 
subtopics they were associated with. The outer circle represents a count of ten studies.  319 
 320 
Tenure, scale and habitat of studies 321 
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The tenure or type of the land where studies took place was investigated. The most common 322 
study took place in communities next to protected areas (n=69, 36.1%), while studies within 323 
protected areas were next most common (n = 65, 34%). 33 (17.3%) studies took place on 324 
communal land or rural land not next to protected areas. 13 studies took place on private land 325 
such as ranches (6.8%). Only three studies included an urban component (1.6%). This total 326 
does not sum to 144 because studies could take place on more than one land/tenure type. The 327 
most common combination was studies conducted within protected areas and in communities 328 
surrounding the protected area (n=17/50, 34%). The next most common combination was 329 
studies conducted within protected areas and in communal lands, generally communally 330 
managed game control areas (n=8, 16%). 331 
 332 
Most studies took place on a local scale using multiple sites (n=108, 75 %). Only eight 333 
studies took place at a single local site. Six studies were at a regional/provincial scale within a 334 
country, while 12 studies were at a national scale. Six incorporated more than one country 335 
and three were at a continental scale, incorporating most of Africa including the majority of 336 
savanna habitat. 110 (76.4%) were exclusively within a savanna habitat, while 17 (11.8%) 337 
studies were in a savanna-forest matrix landscape only. 17 studies were a mix of pure savanna 338 
sites and savanna-forest matrix sites. The average study length for collecting primary data 339 
was 1.38 years ± 2.7 years (median= 0.5 years). Approximately equal number of studies had 340 
(57 studies, 39.6%) or did not have (52 studies, 36.1%) some form of community resource 341 
rights in the associated communities, while 24.3% did not research whether the communities 342 
had resource rights or not. 343 
 344 
Geographic bias  345 
There was a very strong bias in the geographic location of studies towards Tanzania (n=57, 346 
Figure 6a). South Africa and Ghana were next most studied (both n=14), although these 347 
countries still had 43 studies fewer than Tanzania. Much of Southern African is severely 348 
understudied, with specific gaps in Angola, Mozambique, Malawi (n=2 for each), Botswana 349 
and Namibia (n=3 for both). The countries of the Sahelian acacia savanna and the Sudanian 350 
savanna region are also lacking in studies. Even within Tanzania there is a strong bias to only 351 
one protected area, the Serengeti national park and its associated game reserves or game 352 
management areas (Figure 6b).  353 
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 354 
 355 
 356 
Figure 6: a) Count of studies in each savanna country. Savanna regions are taken from 357 
Olson et al 2001 and here include the xeric savannas of Namibia, and the spiny thickets 358 
of Madagascar. b) Locations of study sites for studies which included an exact location, 359 
indicating whether point is within a protected area or not.  The size of the points is 360 
related to the number of studies at each point (Log scale *100)  361 
 362 
The best-fitting model explaining the count of studies per country included all variables 363 
except GDP, which was dropped (theta=5.89, residual deviance= 40.084, df=24, 364 
AIC=184.78). In this model, the area of savanna was positively related to the count of studies 365 
(z=4.333, p<0.001), while a country being part of the Southern or Western African region 366 
were both significantly negatively related to the count of studies (South z=-3.678, p<0.001; 367 
West z=-2.507, p=0.012). English was marginally significantly and positively related 368 
(z=1.719, p=0.085), while Arabic was negatively related (z=-1.903 p=0.057) to the count of 369 
studies per country. French and Portuguese were non-significant. Whether a country had 370 
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experienced large-scale conflict since 2000 was also marginally significantly related (z=-371 
1.935, p=0.053) to its count of studies. Infant mortality was not related to the count of studies 372 
per country. 373 
 374 
Drivers of bushmeat 375 
We attempted to quantitatively investigate the evidence for drivers of bushmeat by extracting 376 
all such relationships that were statistically considered in the included papers. However, the 377 
counts for most relationships were low and so only some preliminary inferences could be 378 
made. The four most common response variables used to investigate bushmeat were signs of 379 
illegal activity (e.g. number of snares detected, n=15 studies), estimates of animal density or 380 
abundance (n=13), estimates of hunting (either admitted or theoretical such as using a choice 381 
experiment, n=10), and estimates of bushmeat consumption (n=8).  382 
For signs of illegal activity, the only clear trend was the negative association with distance to 383 
water (negative in all 5 studies). All other common explanatory variables associated with this 384 
response variable such as distance to village, distance to boundary, distance to road, season 385 
and habitat were mixed in sign. 386 
The only trend that was clear in relation to animal density was a positive association with 387 
distance to protected area boundary from inside the park (positive in all 4 studies), and mostly 388 
positively association with the protected status of an area (positive in 4/5 studies, non-389 
significant in 1). Dry season and savanna habitat were mixed or non-significant in relation to 390 
animal density.  391 
Bushmeat hunting was mostly negatively associated with livestock ownership (negative in 392 
6/10 studies, positive in 3/10 and non-significant in 1/10 studies). The amount of crops 393 
farmed, distance to protected areas, income and household size were mixed in effects on 394 
hunting. Estimates of bushmeat consumption was generally negatively associated with 395 
distance to protected area from a point outside of the park (negative in 4/5 studies). The effect 396 
of livestock ownership was mostly positively associated with consumption (positive in 5/9 397 
studies, negative in 2/9 and non-significant in 2/9), opposite in its effect to hunting. Education 398 
level was consistently non-significant in relation to consumption (4/4 studies).  399 
 400 
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Percentage of respondents that consume or hunt bushmeat 401 
The number of respondents that reported either consuming or hunting bushmeat was available 402 
for 32 studies. Bushmeat consumption varied widely between studies, but on average 57% of 403 
respondents consume bushmeat (Figure 7). This will vary according to the questionnaire 404 
methodology used, the sample size of respondents and location. The mean percentage of 405 
respondents admitting to hunting was 26%, however this is biased by two outliers where over 406 
80% of the respondents reported hunting (median 15.3%). These two cases were located in 407 
Gile game reserve in Mozambique (Fusari et al. 2006) and hunting from private farms in rural 408 
Kwa-Zula Natal Province, South Africa (Grey-Ross et al. 2010). The South African study 409 
included a high proportion of respondents who hunted for recreational and gambling reasons 410 
as well as income or protein.  The Mozambique study is a true outlier since direct questioning 411 
was used and the study reported on 416 respondents from around a protected area.  412 
 413 
Figure 7: Boxplot of percentage of study respondents either hunting or consuming 414 
bushmeat for 32 included studies. The mean of the data is represented by a circle and 415 
outliers by a diamond. 416 
 417 
Methods used 418 
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A total of 57 different methods were used in the 144 studies analysed. These can be grouped 419 
into six different categories, namely studies involving stakeholder consultation (such as 420 
community interviews), economic methodology (such as cost-benefit analyses), methods 421 
involving spatial analyses (e.g. occupancy models), methods to estimate animal populations 422 
(e.g. transects), methods to estimate harvest of bushmeat (e.g. ranger patrol data, market 423 
surveys) and other, where methodology did not fit into the above categories. The most 424 
common methods used were community interviews (n=26; here defined as surveys or 425 
discussions with households, all of them not necessarily involved in poaching), consumption 426 
surveys (n=25), poacher interviews (n=24), transects (n=24) and ranger patrol data (n=20). 427 
Poaching statistics (e.g. number of arrests) was used 13 times. The most common method 428 
classified as “other” was flight initiation distance (FID) which was used 4 times.  The most 429 
common method for economic studies was cost-benefit analysis (n=6). Market surveys (a 430 
common method in forest systems) were only used five times. 77 studies (53.5%) used more 431 
than one method, 65 of which used methods belonging to different categories (above). For 432 
those studies using some form of community-based discussions or surveys, including 433 
community interviews, consumption studies and poacher interviews (n=74), 72 studies used 434 
direct questioning techniques. Indirect questioning using specialised questioning techniques 435 
was only used twice. However, of the 72 studies using direct questioning, 9 (12.5%) 436 
mentioned incorporating some method to reduce question sensitivity such as placing these 437 
questions towards the end of the interview or empathetic questioning. All the 74 studies 438 
reported using local enumerators and the respondent’s language of choice. 439 
 440 
Interventions 441 
Only 36 studies (25% of all included studies) explored interventions to reduce bushmeat 442 
hunting, consumption or trade. Twelve of the studies used modelling techniques or 443 
perceptions of stakeholders (e.g. ranger perceptions of hunting), while 24 used data from 444 
actual projects. The most common intervention studied was traditional enforcement at 445 
protected areas (Table 2). The next most common was alternative protein projects, followed 446 
by development interventions. Interventions not presented in Table 2 were studied less than 447 
five times. 448 
 449 
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The indicators used to measure the success of interventions were varied. The most common 450 
indicator of success or failure of a specific intervention was snare counts (n=9), followed by 451 
measures of animal abundance (n=8) and number of illegal encounters by rangers (n= 7). 452 
Modelled animal abundance and modelled hunting levels were each used as indicators 4 453 
times. Perceptions were also used to measure success or failure, either in the form of 454 
community perceptions (n=3) or protected area staff perceptions (n=2).  455 
 456 
 Exactly half of the time (n=18) interventions were studied without comparison to other kinds 457 
of interventions, while an intervention was compared to one or more other interventions the 458 
other half of the time. The most common comparison was comparing areas with traditional 459 
enforcement to Community-Based Natural Resource Management (CBNRM) areas (n=4). 460 
Other comparisons included comparing enforcement to alternative protein projects, income 461 
projects and adaptive enforcement (n=2 for each).  Livestock donations were compared with 462 
alternative income projects and enforcement (n=2 for each).  Alternative protein projects were 463 
compared with development projects and direct payments twice each. All other combinations 464 
of comparisons occurred only once.  465 
 466 
Traditional enforcement was compared to CBNRM in two instances but were contradictory in 467 
which was the most effective technique to reduce bushmeat. Enforcement and CBNRM were 468 
also compared with alternative income projects and alternative protein projects in one 469 
instance. CBNRM was found to be the most effective technique in this instance. Enforcement 470 
and CBNRM were also compared with conservation on private ranches and in this case, 471 
private ranching was most successful at minimising bushmeat. The count of the number of 472 
times an intervention was found to be the most effective compared to other interventions is 473 
presented in Table 2. For those interventions examined without comparison to another 474 
intervention, 11 out of 18 instances were found to reduce bushmeat hunting, consumption or 475 
trade. The others were unsuccessful. Traditional enforcement (n=8) was effective only half of 476 
the time as was alternative protein projects (n=4).  477 
 478 
The most common factors found to be influential to intervention success were the level of 479 
community involvement with the project or intervention (n=13/36 studies), having sufficient 480 
22 
 
financial resources (n=13), having sufficient human capacity for managing the project (n=8) 481 
and the level of financial remuneration that was received via the project (n=7). Other factors 482 
mentioned in studies included adequate sharing of benefits between participants, 483 
infrastructure limitations, the accountability of the project, the level of government support 484 
and a more nuanced understanding of underlying system dynamics. The factors influential to 485 
each specific intervention can be found in Table 2.  486 
 487 
Table 2: Summary table of bushmeat interventions studied and recommended in 488 
included studies, their effectiveness compared to other interventions and factors which 489 
were found to be influential in the success of the intervention (listed if mentioned in >3 490 
studies). 491 
*does not sum to 100% as studies may investigate or recommend multiple interventions 492 
 493 
Recommendations made in studies 494 
Intervention 
Number of 
studies which 
investigated 
intervention* 
(n=36) 
Number of 
studies which 
recommend 
intervention* 
(n=302) 
# times intervention 
ranked as most 
effective/ # times 
compared to other 
interventions 
Factors influencing 
success of intervention 
(found in n>3 studies) 
Traditional enforcement 19 (52.7%) 59 (19.5%) 3/10 
Sufficient financial 
resources, human 
capacity, community 
involvement levels, strict 
penal systems, 
understanding of system 
dynamics 
Alternative incomes 5 (13.9%) 33 (10.9%) 1/5 Understanding of system dynamics 
CBNRM 5 (13.9%) 29 (9.6%) 3/5 Community involvement levels 
Alternative proteins 10 (27.8) 24 (7.9%) 3/6 
Infrastructure limitations, 
sharing of benefits, 
community involvement 
levels, level of financial 
remuneration 
Efficient patrol 
allocation 3 (8.3%) 25 (8.3%) - 
Sufficient financial 
resources 
Development projects 6 (16.7%) 5 (1.6%) - 
Understanding of system 
dynamics, level of 
financial remuneration 
Long-term monitoring 0 24 (7.9%) - n/a 
Community education 0 15 (4.9%) - n/a 
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Over 56 different recommendations were found in the 144 papers, and all papers had more 495 
than one recommendation (total count =302). Studies did not have to study an intervention to 496 
recommend it, as seen from the greater number of studies recommending an intervention than 497 
studying it (Table 2). This is particularly true for alternative incomes, efficient patrol 498 
allocation, community education and long term-monitoring.  Increased protected area 499 
enforcement was the predominant recommendation. Alternative income projects, formal 500 
wildlife-based land-used (CBNRM) improving enforcement via efficiently allocated patrols, 501 
long-term monitoring and alternative protein projects (either wildlife cropping or domestic 502 
livestock programs) were also common recommendations. Education of communities was 503 
each made up approximately 5% of the recommendations (Table 2). All other 504 
recommendations were made less than ten times.  505 
 506 
Discussion 507 
Bushmeat hunting in African savanna regions is gaining recognition as both a serious 508 
biodiversity threat and a factor likely to affect future food security in the region. This 509 
quantitative systematic literature review attempts to understand what the focus of peer-510 
reviewed published studies has been regarding this topic. Although studies have diversified 511 
thematically and especially in recent years, the contradictory nature of drivers, the geographic 512 
bias in studies and the lack of monitoring of interventions used means that synthesis of the 513 
issue is challenging. Through this review, we were however able to identify several key 514 
trends in studies on bushmeat in savanna regions, which point to areas of focus for future 515 
research. These include 1) the land tenure and location of studies, 2) the drivers of bushmeat 516 
hunting and consumption, 3) methodologies used in studying bushmeat and 4) interventions 517 
used to address bushmeat. We discuss each of these topics in turn below.   518 
 519 
Tenure and location of studies 520 
The tenure of the area in which studies have been conducted was concentrated on protected 521 
areas and communities next to protected areas (together 70% of the included studies). 522 
Although communal land areas were studied these were generally in the context of 523 
community-managed game management areas (GMA’s). Further research in areas outside of 524 
protected areas, especially agricultural areas, is warranted given a large proportion of the 525 
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world’s biodiversity is found outside of protected areas in agricultural lands (Pimentel et al. 526 
1992; Tscharntke et al. 2005) and these areas can provide habitat to fast-reproducing, 527 
adaptable species which are important sources of protein (Cowlishaw et al. 2005; Schulte-528 
Herbrüggen et al. 2013) The lack of studies in urban areas and private land is also a key gap. 529 
Urban areas are known to have high bushmeat consumption in many forested regions (van 530 
Vliet and Mbazza 2011) but there is also some evidence from urban areas in savanna regions 531 
(Crookes et al. 2006) and hunter interviews in Zimbabwe have also indicated that some of 532 
their trade is exported to nearby cities (Lindsey et al. 2011b). Currently however, the true 533 
extent of demand from urban areas in savanna regions is unknown. Understanding bushmeat 534 
hunting on private ranches is also vital given the large areas currently under private 535 
management for game ranching in much of Southern Africa (Bond et al. 2004), 20.5 million 536 
ha in South African alone (NAMC 2006). Ranches can protect significant populations of 537 
wildlife and prevent habitat conversion, although the conservation value of these ranches is 538 
variable (Cousins et al. 2008; Lindsey et al. 2013c; Lindsey et al. 2009). Additionally, private 539 
wildlife ranches do provide and have the potential to provide significant amounts of legal 540 
meat to local communities (Taylor et al. 2016), although livestock does and will continue to 541 
supply the majority of protein requirements. There is evidence that widespread bushmeat 542 
poaching may however drive actors out of the system towards livestock farming (Lindsey et 543 
al. 2013b). Therefore, understanding how bushmeat operates in a context beyond strict 544 
protected areas is a vital gap, not only in savannas but more generally as well. 545 
 546 
As expected the count of studies per country was related to the area of savanna found within 547 
that country. Official language did not explain the geographical patterns, although the number 548 
of studies was positively but non-significantly related to English-speaking countries and 549 
biased against Arabic-speaking countries. This is expected since the vast majority of scientific 550 
literature is in English, and that the databases we used require an English-language abstract 551 
for the study to be indexed. Conflict was nearly significantly related to count of studies, 552 
indicating that recent political instability will mean that less research takes place in the 553 
country, as could be expected. This is contradicted by the fact that war may increase levels of 554 
bushmeat hunting and consumption (Merode et al. 2007). 555 
 556 
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The geographic bias towards Tanzania was an obvious trend in the data. The Serengeti 557 
National Park and its complex of protected areas including Maswa, Ikorongo and Grumeti 558 
game reserves was the focus of most bushmeat studies. The reason for this is not immediately 559 
obvious, other than the established presence of international research organisations such as 560 
the Frankfurt Zoological Society. Tanzania has only the fifth largest area of savanna: 561 
countries with larger areas of savanna such as South Africa, DRC, Namibia and Sudan did 562 
even approach the same number of studies. There is also no reason to suspect that Tanzania is 563 
any worse affected by the bushmeat trade than any other savanna country.  The studies in this 564 
region do however provide some of the main theoretical work done in savanna systems on 565 
this issue (Hofer et al. 2000; Knapp et al. 2010; Metzger et al. 2010; Nielsen et al. 2014).   566 
 567 
The need to understand bushmeat in areas other than Tanzania is urgent, as seen from the few 568 
studies that show major population crashes e.g. Lindsey and Bento (2012) in Mozambique, 569 
Lindsey et al. (2011a) in Zimbabwe, Munthali and Mkanda (2002) in Malawi, and the heavy 570 
reliance on bushmeat as a source of protein for communities (Boafo et al. 2014). Both Malawi 571 
and Mozambique had only 2 studies on bushmeat in this review, but were ranked by protected 572 
area managers as the third and fourth most seriously affected by bushmeat after West Africa 573 
as a whole and Zambia (Lindsey et al. 2015). Tanzania was ranked as seventh most seriously 574 
affected. This indicates that scientific research into bushmeat is potentially not being 575 
conducted where it is needed most. Additionally, the skew of evidence towards forests was 576 
clear. Without including the search term “forest”, 256 papers on bushmeat in African forest 577 
systems were found and excluded, likely a substantial underestimate. 578 
 579 
Drivers 580 
An attempt was made to summarise the relationships between common response variables 581 
such as bushmeat hunting levels and explanatory variables such as distance to roads, livestock 582 
ownership or income. This proved challenging given the wide range of variables explored. 583 
Although studies included in this review were very diverse, there were many variables that 584 
could be used to make strong inferences if only they were standardised across studies. For 585 
example, some studies would use “household size” as a variable which includes all household 586 
members, while others would use the number of women or men or children or unemployed 587 
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men. While these could all be used in combination, the lack of standardisation of units is a 588 
problem even with the simplest measures.  589 
 590 
The development and social science literature provide good examples of using standardised 591 
units, such as the use of a Basic Necessities Survey (BNS) for exploring wealth and poverty 592 
in rural communities (Davies and Smith 1998). Another example is that in this review, 593 
livestock was explored variously by using a count of all livestock, a count of each or any 594 
individual species, or the price of buying livestock. The standard Tropical Livestock Unit 595 
(Jahnke 1982), commonly used by the FAO (FAO 2011), is a simple measure that could be 596 
adopted across studies for easy comparison where livestock numbers are converted to a 597 
common unit. Although the ownership of livestock is hypothesised to reduce both hunting 598 
and consumption, it may in fact increase consumption of bushmeat (Mgawe et al. 2012) as 599 
these households may have more purchasing power. This variable is therefore vital to 600 
understand, and we would recommend an attempt to standardise such basic measures in order 601 
for broad-scale conclusions to be drawn. 602 
 603 
Although some trends regarding drivers could be seen from the data, the aforementioned lack 604 
of coordination means that further standardised research is needed to draw out and strengthen 605 
evidence for these trends. The only trend that was evident was the relationship of illegal 606 
activity with distance to water, where more activity was found closer to water. Secondly, 607 
there was evidence that animal density was positively correlated to the level of protection of 608 
an area and distance to the park boundary. Thirdly, there was evidence that hunting and 609 
consumption follow contradictory trends in relation to livestock. The ownership of livestock 610 
and crops are negatively related to hunting, that is, the more livestock or crops owned, the 611 
less hunting occurs. This is evidence that bushmeat is used as an important livelihood option 612 
for generating income for hunters. Consumption however was often positively related to 613 
livestock ownership, indicating that consumption is linked to greater wealth and purchasing 614 
power. This is indicative that bushmeat, although often cheaper that livestock meat and vital 615 
for the poorer members of the community, is still an important option for wealthier sections 616 
of society. Interventions therefore need to specifically targeted to the role of the participant, 617 
as has been found elsewhere (Harrison et al. 2015).  618 
 619 
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Methodologies used 620 
Studies about bushmeat in savanna regions relied mainly on stakeholder interviews, either in 621 
the form of consumption surveys or poacher interviews. Many of these studies however rely 622 
on direct questioning to estimate hunting or consumption, which may be problematic given 623 
the extremely sensitive nature of the topic. Indirect questioning techniques such as the 624 
unmatched count technique (UCT) or the randomised response technique (RRT) are 625 
promising methods used to estimate the proportion of a population that undertakes a sensitive 626 
activity (Nuno et al. 2013; Nuno and St. John 2015). We would encourage further testing and 627 
implementation of these techniques in relation to bushmeat in different contexts. Our finding 628 
that market data was almost never collected in savanna regions despite being the most 629 
commonly collected type of bushmeat data in African forest regions (Taylor et al. 2015) 630 
relates to the relatively stricter punishments in savanna regions where bushmeat is seldom 631 
sold openly in large centralised markets as in forest regions.  632 
 633 
Interventions 634 
The proportion of studies exploring a specific intervention was low (25%). This may be an 635 
artefact of the fact that specific types of interventions were not included as search terms, and 636 
the exclusion of grey literature. The purpose of this review was however not to quantify the 637 
effectiveness of specific interventions, but rather provide an overview of what interventions 638 
are commonly recommended in the peer-reviewed literature and what evidence this is based 639 
on.  Although many intervention projects may exist, the results of such projects are not 640 
readily available and have been found to be challenging to summarise due the heterogeneity 641 
of projects and lack of monitoring (Wicander and Coad 2014). Additionally, many projects 642 
may have other main goals such as improving relations between protected areas and 643 
communities, with bushmeat as a peripheral issue. The indicators used to determine success 644 
of projects were also far from cohesive. Although many intervention evaluations used 645 
physical measure such as snare counts to measure effectiveness, only 4 studies investigated 646 
measures of animal abundance concurrently.  647 
 648 
We found that the focus of most intervention studies has been on traditional enforcement 649 
activities. The factor most often found to be influential to the success of enforcement, both 650 
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traditional and using efficient patrol allocation techniques, was the availability of financial 651 
resources. Studies have however found that enforcement in savannas is cheaper and more 652 
effective that in forest habitats (Jachmann 2008a), which is an important consideration in 653 
Africa. Alternative protein projects, especially those that provided cropped meat to local 654 
communities are the next most prevalent and were recommended by authors 24 times and 655 
studied 10 times. However, evidence of their effectiveness was limited. This reflects that 656 
these projects are often economically unsustainable, logistically challenging and may not 657 
contribute substantially enough to either protein supply or income generation to change 658 
behaviours (Holmern et al. 2002). 659 
 660 
 Similarly, alternative income projects were studied in the context of bushmeat in African 661 
savannas only five times. This is a very commonly recommended intervention to reduce 662 
bushmeat hunting or consumption and projects have been implemented hundreds of times 663 
throughout the world. Again, their effectiveness in relation to reducing bushmeat has not been 664 
proven. A comprehensive worldwide review by Roe et al. (2015) of their effectiveness found 665 
that while 36% of the 106 projects identified addressed hunting specifically, only 21 out of 666 
these projects had any monitoring of conservation effectiveness and only one study was able 667 
to demonstrate effectiveness of the projects. Additionally, an important factor we found to 668 
influence the success of alternative income projects was level of understanding of underlying 669 
system dynamics. This is worrying, given the prevalence of these projects, because most 670 
systems currently lack this deep multi-faceted understanding. Increasing income has been 671 
found in some instances to increase the consumption of all protein products, especially 672 
bushmeat (Rentsch and Damon 2013), the exact opposite effect the project would be intended 673 
for. We therefore would urge caution before implementing these projects without in-depth 674 
knowledge of local protein consumption dynamics and livelihood strategies.  675 
 676 
Limitations 677 
As with all systematic reviews a number of limitations exist. Although the diversity of topics, 678 
methodologies and contexts found in the papers precluded a formal meta-analysis, we believe 679 
that a quantitative view of current knowledge still represents a valuable contribution. A key 680 
limitation of this study was the exclusion of grey literature, however given that much of it is 681 
publicly inaccessible and difficult to locate it was beyond the scope of this study to include. 682 
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We recognise the importance of including the knowledge found in the grey literature and aim 683 
to review this in combination with expert knowledge in future research. Publication bias and 684 
selective reporting of results is a problem especially on topics which involve interventions, as 685 
many interventions which collapse after a donor funding cycle has expired are never given 686 
any kind of post-mortem. Although we cannot report on such unpublished failures, we have 687 
aimed to identify where projects have been reported on in the peer-reviewed bushmeat 688 
literature and synthesise the knowledge until this next vital step can be made. We therefore 689 
believe that our review provides a comprehensive overview of the available literature. 690 
Finally, this paper deals exclusively with African savannas in an attempt to extract a greater 691 
level of detail. Savannas worldwide are however likely to be affected by bushmeat and 692 
deserve comparison.  693 
 694 
Conclusion and further research 695 
Savanna regions of Africa urgently warrant further research into how bushmeat hunting, 696 
consumption and trade operates in this system. Interventions studies are particularly needed, 697 
especially comparative studies of different interventions, and evidence for common 698 
recommendations is lacking. The rhino and elephant poaching problem is often given 699 
particular attention. However, given that bushmeat hunting may affect a far wider range of 700 
species and be intrinsically linked to more local people either via hunting or consumption, we 701 
advocate for greater research attention. A second important step would be to create a central 702 
database for bushmeat studies in savanna region such as that found in forest areas (e.g. 703 
SYVBAK), or else expand these existing forest databases to include savanna regions. 704 
Valuable insights could be gained by comparing these two systems in a standardised way. 705 
Long-term monitoring of carcass counts, species compositions and prices is also not available 706 
to the same extent as forest systems. Setting up such regular monitoring will be a vital step 707 
towards creating evidence-based interventions. Conducting research in areas other than in 708 
Tanzania and the Congo Basin is urgently required. Finally, a global comparison between 709 
different savanna regions may be useful. This review is a first effort to collate the peer-710 
reviewed literature regarding bushmeat in African savannas and hopes to inspire further 711 
research into this field. 712 
 713 
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Appendix Table 2: list of savanna countries included as a search term (taken from 958 
Olson et al 2001 biomes). Regions are African Union groupings. 959 
Country Region 
Angola South 
Benin West 
Botswana South 
Burkina Faso Central 
Burundi Central 
Cameroon Central 
CAR Central 
Congo Central 
DRC Central 
Equatorial Guinea West 
Ethiopia East 
Gabon Central 
Ghana West 
Ivory Coast West 
Kenya East 
Liberia West 
Madagascar East 
Malawi South 
Mali West 
Mozambique South 
Namibia South 
Niger West 
Nigeria West 
Rwanda East 
South Africa South 
Tanzania East 
Togo West 
Uganda East 
Zambia South 
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Zimbabwe South 
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